Background: Head and neck space infections present with a potential mortality rate of 40-50 per cent. This paper proposes an algorithm-based management of head and neck space infection to prevent life-threatening events.
Introduction
Deep neck infections are defined as cellulitis or abscess formations of the fascial planes and potential spaces of the neck. 1 They are unique among infectious diseases for their versatility and potential for severe complications if not identified. [2] [3] [4] [5] Most of them arise from foci in the mucosal surfaces of the upper aerodigestive tract or from a carious tooth. Usually the results of cultures are polymicrobial, and are often caused by oral bacteria, but streptococcus are the organisms most commonly cultured from deep neck abscesses. 6 Generally, dental infections are the most common aetiological factors, followed by tonsillitis, a salivary stone, obstruction and branchial cyst infection. The neck spaces involved could be submandibular, peritonsillar, parapharyngeal, parotid, sublingual and submaxillary (Ludwig's angina), or retropharyngeal. Deep neck infections usually occur with considerable frequency, and their severity and extension can be underestimated. This makes them a challenging diagnostic entity for emergency physicians, paediatricians, otolaryngologists, and head and neck surgeons. 7 The major symptoms of infections in different deep neck spaces are similar; thus, discovery of the underlying causative factors requires radiological study. Computed tomography (CT) and magnetic resonance imaging can enable early detection of the true and specific cause of symptoms. Although the incidence and severity of this disease have decreased dramatically since the introduction of antibiotics and improved dental care, deep neck infections continue to represent a challenge, with mortality rates still between 7 and 18 per cent, as recently reported. [8] [9] [10] Treatment consists of adequate antimicrobial therapy, removal of causal teeth in patients with dental infection, surgical drainage of the abscess and management of complications.
11 Although culture-guided antimicrobial therapy is advocated, the administration of empirical antibiotic treatment before the culture results become available is important. 6, 12 The cornerstones of treatment are securing the airway, providing efficient drainage, administering appropriate antibiotics and improving immunological status.
Life-threatening complications of deep neck infections include upper airway obstruction, descending mediastinitis, pleural empyema, pericarditis, jugular vein thrombosis, 3 septic shock, and carotid pseudoaneurysm or rupture. These manifestations are likely due to the increasing frequency of antibiotic resistance, particularly in immunocompromised patients or those of low socioeconomic status. When these complications occur, the mortality rate may reach 40-50 per cent. 14, 15 Hence, it is essential to identify critical cases where a well-timed intervention is mandatory. Early diagnosis and correct treatment planning can save a patient's life, and prevent complications of disease extension.
Our university ENT department covers a vast metropolitan area and its surroundings, which includes about one million inhabitants. Thus, this study reports on a consistent number of head and neck space infections occurring over a short period of time.
Our primary aim was to standardise a systematic institutional approach to head and neck space infection that could be helpful in the identification of cases at higher risk for the development of major, life-threatening complications. We created a scoring system that allowed us to establish the level of clinical risk and proposed an algorithm for the management of each patient's clinical condition. Additionally, we identified predisposing factors for the development of deep neck infections and other major complications.
Materials and methods

Study population
From January 2010 to December 2013, we recorded 21 743 admissions to the emergency room of our university ENT department. Of these, 225 patients were referred with head and neck space infections (1.03 per cent of total accesses). A clinical diagnosis of head and neck space infection was considered whenever the spaces within the head and neck districts (masticatory, parotid, parapharyngeal, retropharyngeal and neck spaces), with the exception of the orbit, the sinonasal tract and the ear, were involved by a logistic process. The infection was categorised according to the primary source (dental infection, pharyngotonsillitis, parotitis, foreign bodies) and the involved spaces. Patients with involvement of two or more spaces were classified as having multiple space infections.
All head and neck space infection patients were immediately evaluated with a scoring system, to discriminate between patients who required hospitalisation and those who did not. A numerical value between 0 and 3 was assigned to each of the following clinical parameters: airway obstruction, neck involvement, mouth opening, swallowing and previous antibiotics (Table I ). The final score was the sum of each single value. Patients with a final global score of 0-5 were considered to have a low-risk for life-threatening events, and were therefore managed in an out-patient setting. Patients with a score of 6-10 were considered to have an intermediate-risk and those with a score of 11-15 were considered as high-risk; patients with a score over 6 required hospitalisation.
Patients presenting with isolated critical airway obstruction, as reflected by a reduction in more than 50 per cent of their pharynx and/or larynx airway space for example, or those presenting with indirect signs of dyspnoea such as tirage and cornage, were hospitalised for at least 24-48 hours in order to manage and treat their respiratory distress.
Patients presenting with initial peritonsillar cellulitis, who did not require surgical incision and who were treated with broad-spectrum intramuscular antibiotic or corticosteroid therapy, were excluded from this study. However, we included patients with an isolated peritonsillar abscess even without parapharyngeal space involvement. They were re-assessed as low-risk after prompt surgical incision of the pus collection in an out-patient setting, and none of these patients required delayed admission.
The protocol for the prospective study was approved by our institutional review board. Patients were given extensive information about the procedures they were about to undergo, including the potential surgery, and all the participants signed an informed consent agreement.
All 225 cases were managed following an algorithm that was coded for the purposes of this study ( Figure 1 ).
The following clinical data were recorded (after patient consent was obtained): physiological signs of sepsis, such as high fever, high white blood cell count, tachycardia, elevated erythrocyte sedimentation rate, and increased C-reactive protein and fibrinogen levels; associated systemic diseases; bacteriology findings; imaging findings; source and site of infection; length of hospitalisation in admitted patients; medical and surgical treatment; complications; and outcome.
Aetiology and site
The primary site of infection was identified in 215 out of 225 cases (95.55 per cent). Pharyngotonsillitis represented the most common primary source (n = 136; 60.44 per cent), causing 127 (56.44 per cent) isolated peritonsillar abscesses, 6 (2.67 per cent) peritonsillar or parapharyngeal space abscesses, and 3 (1.33 per cent) multiple site abscesses (peritonsillar-parapharyngeal-laterocervical). Dental infection was identified as the primary source in 66 cases (29.33 
Co-morbidity
Thirteen patients (5.77 per cent) had underlying systemic diseases: nine were affected by diabetes mellitus type 1, one had liver dysfunction hepatitis C virus (HCV)-related disease, one presented with ulcerative colitis, and two were affected by both diabetes mellitus type 1 and HCV.
Microbiology
The results of pus cultures were available for 58 patients (25.7 per cent): 26 patients who were admitted and operated on, and 32 patients who were not admitted. The cultures in 44 cases (75.8 per cent) were polymicrobial, including oral cavity aerobic and anaerobic organisms. In nine cases (15.5 per cent), Streptococcus pyogenes was the main micro-organism found, in four cases (6.9 per cent) it was prevotella and in one case (1.7 per cent) it was Enterococcus faecalis.
All 225 head and neck space infection patients received empirical broad-spectrum antimicrobial therapy (i.e. amoxicillin and clavulanic acid or cephalosporins, third generation, at least for 10 days), with re-evaluation in the 58 cases after a review of the microbiological results. Proper adjustment was required in six cases (i.e. piperacillin and tazobactam).
Statistical analysis
The following parameters were analysed in order to identify potential risk factors for major complications: gender, age, body temperature, leukocytosis, concomitant diseases, deep neck spaces involvement (i.e. laterocervical or parapharyngeal space), therapy type and hospitalisation length. Univariate and logistic regression multivariate analyses were used to identify independent risk factors for complications. Statistical analysis was performed using Stata software, version 9.1 (Stata, College Station, Texas, USA). A p-value of 0.05 or less was considered statistically significant.
Results
Study population
Among 225 patients presenting with head and neck space infection, 113 (50.22 per cent) were female and 112 (49.78 per cent) were male. Patients were aged 8-96 years, with a peak of incidence in the fourth decade of life.
Following the first assessment, 167 patients (74.22 per cent) were classified as low-risk and were followed up in an out-patient setting: 88 received home-based therapy, and 79 underwent peritonsillar abscess incision with drainage of purulent collection as out-patients. None of the patients were subsequently hospitalised and/or subjected to surgical treatment under general anaesthesia. The 45 patients classified as intermediaterisk and the remaining 13 high-risk cases were all hospitalised. No patients presented with isolated critical airway obstruction (scored as 3 as per our head and neck space infection scale for risk assessment).
In all admitted patients, intravenous broad spectrum antibiotic therapy was started immediately, and a contrast-enhanced head, neck and thorax CT scan was performed.
Intermediate-risk patients were re-evaluated 24 hours after admission. If a clinical response and a lower score were observed, further re-evaluation after 24 hours, with no other intervention or investigation, was indicated (n = 27; 60 per cent). If a patient's symptoms and signs did not improve and/or worsened despite infusion therapy, a contrast-enhanced CT scan was performed, and patients were submitted to surgical drainage when colliquative pus collection was demonstrated (n = 18; 40 per cent). An intermediate-risk patient, suffering from diabetes mellitus and HCV liver failure, developed sepsis despite surgical drainage of the abscess. This patient was transferred to the intensive care unit and died after 22 days due to the onset of septic thrombophlebitis of the jugular vein and thrombosis of the intracranial vessels.
High-risk patients were subjected to immediate surgery only in 3 out of 13 cases (23 per cent). These patients showed airway obstruction associated with the involvement of multiple laterocervical spaces; two patients presented with initial mediastinitis, as shown on the CT scan. Intravenous medical therapy was administered to the remaining 10 high-risk patients (77 per cent), and they all were re-evaluated after 24 hours. Fifty per cent of these patients underwent delayed surgery; the remaining five high-risk patients continued medical therapy until recovery was complete.
The surgical treatment performed on admitted patients is summarised in Table II .
Complications and outcomes
The 3 patients with complications were all male, with an average age of 55 years, and the abscesses involved multiple low laterocervical spaces. Tracheostomy was performed in all three patients to ensure airway patency. Two of the patients were further observed in the intensive care unit. Thoracic drainage was performed in association with cervicotomic drainage in two cases of mediastinitis. Finally, one patient affected by diabetes mellitus and HCV-related liver dysfunction developed sepsis despite successful bilateral submandibular abscess drainage. He was admitted to the intensive care unit and died after 22 days due to the onset of internal jugular vein (IJV) thrombosis. All other patients were discharged in a stable condition after a mean hospitalisation length of 9.38 days (range, 2-33 days).
Univariate analysis was performed to assess factors associated with life-threatening complications. This indicated that laterocervical space involvement was the strongest independent predictor of severe complications ( p = 0.014; Table III ). The only other variable which showed a trend towards statistical significance was diabetes.
On multivariate analysis, diabetes mellitus and laterocervical space involvement were the strongest independent predictors of complications ( p = 0.007 and p = 0.02, respectively) ( Table III) .
Discussion
The principal aim of our study was to standardise an institutional systematic approach to the management of deep neck infections via evaluation of the clinical risk for life-threatening complications. Based on the literature and our experiences of ENT urgencies or emergencies, we have proposed a diagnostic-therapeutic algorithm for the management of these diseases.
Of the cases analysed, 167 patients had a low risk for major complications and they were managed in an outpatient setting; none of them were hospitalised or underwent surgery. Of the 45 patients with an intermediate risk, 27 were cured by medical treatment only; the remaining patients required delayed surgery. Despite successful drainage of a bilateral submandibular abscess, one patient, affected by diabetes mellitus and HCV-related liver dysfunction, developed sepsis and died after 22 days in the intensive care unit due to the onset of IJV thrombosis. The diabetes mellitus and HCV-related liver dysfunction, described in literature as predictors of major complication development, [14] [15] [16] may have created a multi-systemic infectious process that killed the patient. Finally, of the 13 patients with a high risk, 3 patients with major complications were submitted immediately to surgery, 5 were treated with medical treatment only and 5 underwent surgery after medical treatment. None of the patients had isolated critical airway obstruction or indirect signs of dyspnoea; it is strongly recommended that patients presenting with these conditions, with or without physiological signs of sepsis, are hospitalised.
Our secondary aim was to identify risk factors for the development of major complications, in order to recognise and treat patients presenting with a high risk for lifethreatening events. It is widely known that delayed diagnosis and inadequate mediastinum drainage are important factors associated with an increased incidence in mortality. 14, [16] [17] [18] [19] In our study, the mortality rate was 0.44 per cent, and the only case of death was not related to delayed diagnosis but to the co-existence of severe co-morbidities known to worsen the prognosis of deep neck infections. 16 Multivariate analysis showed that patients with diabetes mellitus and a laterocervical abscess had a higher risk of developing complications. In our series, 13 patients (5.77 per cent) presented with different co-morbidities, with diabetes mellitus being the most common (n = 9; 69.23 per cent).
We found a higher incidence of deep neck infections between the second and fourth decade of life. The incidence in males and females was similar. This is in contrast with previous studies, which showed a predominance of male gender of 2:1.
14,17 Regarding infection sites, we observed a predominance of peritonsillar abscess (n = 127; 56.44 per cent) and only 1 case required surgery, with 66 cases (29.33 per cent) of odontogenic abscess. In 76 per cent of cases, the culture test showed the predominance of aerobic and anaerobic micro-organisms of the oral cavity, in agreement with data reported in the literature. 19, 20 A CT scan with contrast was our diagnostic method of choice, as it allows the identification of fluid collections, gas presence, tissue thickening and enhancement with the loss of normal fascial plans. 21 It plays a crucial role in shaping the involved areas and monitoring the development of the infection, with the intent to plan the proper surgical approach. [22] [23] [24] Ultrasound is another useful method in guiding diagnostic needle aspiration and therapeutic drainage, in cases where there is no immediate airway compromise. In two cases, percutaneous drainage under ultrasound guidance was performed. Panoramic radiography is quick to perform, useful in odontogenic infections and allows identification of the dental element that needs to be removed to completely recover from the infection.
Incision and drainage of abscesses represents the 'gold standard' in the treatment of deep neck infections. 25 Recently, the use of vacuum-assisted closure has been proposed over the use of common drainage tubes after surgical evacuation. This has superior efficacy in terms of secretion drainage, promoting the hypervascularity of the surgical bed, thus avoiding the need for surgical revision of the most extended abscesses. 26 Tracheostomy performed under local anaesthesia is widely considered the standard practice in airway management for patients with deep neck infections. 27 We performed tracheostomy under general anaesthesia in three patients with laterocervical abscesses after nasotracheal intubation. We firmly believe that tracheostomy should be avoided as much as possible, and reserved only for cases of severe and reduced breathing space, to avoid the spread of infection through the tracheostomy site. In fact, all patients with moderate airway obstruction, after surgery and evacuation of the abscess, showed significant improvement of the breathing space.
Medical therapy mainly comprised amoxicillin and clavulanic acid or cephalosporins, third generation or poly-antibiotic. First, this heterogeneity in the choice of medical therapy reflects individual preferences within our team of specialists and residents. Second, for patients allergic to beta-lactam antibiotics, it has not been possible to prescribe the first-line therapy of penicillin or cephalosporin.
• There are typically no standardised criteria for hospitalisation of head and neck infection patients • However, our diagnostic and therapeutic scheme enabled complete compliance with the proposed strategy • Our clinical risk rating scale has proved easy to use • It is effective in discriminating low-risk patients, managed as out-patients, from intermediate-and high-risk patients who require hospitalisation
In conclusion, for the best management of the deep neck infections, a good understanding of critical cases and the prevention of major complications is essential. Any delay in diagnosis can lead to a wrong choice of treatment and modify the outcome. 28, 29 Although the right management of deep neck infections remains a constant challenge, this study offers an effective system of clinical risk assessment. This system accounts for the seriousness of this medical condition, and aids diagnosis and planning of the most appropriate therapeutic treatment, with important prognostic implications.
